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Diode Discovery Power Level Detection 



TECHNICAL FIELD 

This invention relates to diode discovery power level 

detection. 

BACKGROUND 

A basis for power requirement across a Medium Dependent 
Interface (MDI) link is to enable a new class of devices that 
would otherwise not be economically viable or consumer 
desirable. Such devices include, but are not limited to, Web 
Cams, Smart card readers, Industrial control functions, Building 
infrastructure control, Internet Protocol (IP) phones, Personal 
organizers and Wireless LAN Access nodes. All of these devices 
require power supplies in their respective deployment zones. 
For example, a Wireless Local Area Network (LAN) node would 
typically be installed on a wall in an office. It would be 
unlikely to have a power socket at a height of 6 feet on an 
office wall. However if power is supplied via the MDI link then 
only one low voltage cable carrying both power and data to the 
node need be run back to an Enterprise LAN. 

DESCRIPTION OP DRAWINGS 

FIG. 1 is a diode discovery process circuit. 

FIG. 2 shows a diode discovery process for determining a 
type of DTE device that is present on an MDI link. 
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FIG. 3 shows a driver /receiver region of a diode discovery 
circuit . 

FIG. 4 shows a diode detector region and a diode bridge 
region of a diode discovery circuit. 

FIG. 5 shows a second diode discovery process circuit. 

FIG. 6 shows a state diagram of the diode discovery process 
circuit of FIG. 5. 

FIG. 7 shows a diode discovery power detection process. 

Like reference symbols in the various drawings indicate 
like elements. 

DETAILED DESCRIPTION 

Referring to FIG. 1, a diode discovery process circuit 10 

is shown. The circuit 10 is used for device detection. A goal 
of a discovery process device 12 is to determine the powering 
requirements of a remotely powered Data Terminal Equipment (DTE) 
device 14 and then instruct a power supply to apply power. 
During a discovery process the DTE device 14 will not have power 
since it requires power through a line 20 or 28. Therefore, any 
circuit that resides by the DTE device 14 for the discovery 
process should be passive. The diode discovery device 12 is a 
controller that includes a linear feedback shift register (LFSR) 
48, a transmit register 50 and a receive register 52, as 
described below. The device 12 includes a pulse generator 53 
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and a controller 55 (or processor) to perform compare and 
control operations described below. 

The circuit 10 uses the conductance characteristics of a 
diode . The device 12 attempts to send a positive and negative 
5 voltage pulse through a diode. One of the attempts will be 

successful since the diode will turn on and conduct whereas the 
other attempt will fail since the diode will be reversed biased 
and will not conduct. The discovery process device 12 is used 
to both send and receive pulses and thus knows when it should 

.pa:. 

^10 and should not receive pulses. If a line 20 f 28 is not correctly 
J* terminated in a diode, the device 12 can detect the incorrect 

Hi termination. A short circuit will pass both polarities of 

J: pulses while an open circuit will pass no pulses. As 

configured, a positive pulse from node n2 16 of the discovery 
^15 process device 12 will pass through the capacitor 18 and line 20 
ff to n4 22. A diode Dl 24 will become forward biased and pass the 

pulse to n3 26. The pulse will continue on through the other 
line 28 and capacitor 30 to node nl 32 where it will be detected 
by the discovery process device 12. On the other hand, a 
20 positive pulse from node nl 32 will be blocked at the diode 24. 

If a test is passed then power will be applied to the line 
28. A potential difference across n3 26 and n4 22 will rise 
until the Zener diode DZ 34 breaks down allowing two isolation 

Metal-Oxide-Semiconductor Field Effect Transistors (MOSFETs) 36 

3 
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and 38 to switch on and pass power to the DTE 14. During the 
discovery process the MOSFETs 36 and 38 are off to isolate the 
discovery diode 24 from the DTE 14. 

A DTE power supply may go up to 60 volts so the discovery 
5 process device 12 is DC isolated from the supply to prevent the 
device 12 from being damaged by the capacitors 18 and 30. 

The device 12 is coupled to load resistors 40A and 40B that 
have a high resistance to maximize the signal to be detected at 
node n2 16 but is small enough to sink sufficient current to 
yFjlO pull down node n2 16 and minimize the effect of any induced 
*J3 signals. A preferred value of 3.3k ohms is chosen. 

™j The device 12 is also coupled to bleed resistors 42A, 42B 

4 s that prevent charge build up on the isolated lines 20, 28. The 

[7 value of the bleed resistor should be high to minimize the power 

^15 dissipation from the DTE power supply. Values in a range of 
£i several thousand ohms to tens or hundreds of thousand ohms are 

used for the resistor. One value is 47k, which is chosen to 
give a total power dissipation of 77mW at 60V. The relationship 
between the DTE power supplies and the discovery process device 
20 12 ground determines how this power is split between the two 

resistors 40A and 42A for node 16 and 40B and 42B for node 32. 
Resistors 40A, 42A and capacitor 18 are coupled in a 71 network 
between node 16 and line 20. A similar arrangement is provided 
for the other node 32 and line 28 with resistors 40B, 42B and 

4 
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capacitor 30. Capacitor 18 and resistors 40A and 42A are part 
of the drive line while capacitor 30 and resistors 40B and 42B 
are part of the receiver line. Combined, they are referred to 
as a driver /receiver region 54 of circuit 10. 
5 Diode Dl 24 has a low capacitance value (less than O.lnF, 

for example) to prevent the reverse pulse from being coupled 
through. It also preferred to have a reverse breakdown voltage 
greater than 60 volts. 

Diode DZ 34 is used to detect when the power supply has 
/g10 applied power and so a device with a breakdown voltage of 
%P approximately 8 volts is preferred. Below 8 volts the MOSFETs 

If! 3 6 and 38 are shut off while above 8 volts they switch on. 

*P The two resistors 44 and 46 are present to dissipate little 

power when the power supply is applied. A value of 50k is 
JEI15 preferred, which gives a power dissipation of 36mW at 60V. 
£ The MOSFETs 36 and 38 are able to pass 350mA with a small 

(<0.5volt) drop and to withstand approximately 30 volts from 
gate to source/drain. 

Diodes 24 and 34, and resistors 44 and 4 6 make up a diode 
20 detector region 56 of circuit 10. FETs 36 and 38 make up a FET 
device region 58 of the circuit 10. 

Referring to FIG. 2, a process 100 for determining a type 
of DTE device that is present on an MDI link is shown. The 

process 100 generates (102) a pseudo random 11-bit word encoded 

5 
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as a pulse train. The process 100 sends a different word each 
time it is transmitted. The direction of the pulse train is 
changed each alternate transmit cycle and the process 100 is 
repeated three times. The pseudo number is a generated side 
stream scrambler and provides a periodic sequence of 2047 bits 
generated by the recursive linear function X(n) = X [n-11] +X [n-9] 
(modulo 2) . Each port nl 32 and n2 16 is seeded differently 
based on the port number; this avoids issues of two power 
capable sources successfully negotiating with each other to 
apply power. 

The process 100 transmits (104) the encoded pulse train and 
receives (106) the encoded pulse train. When required to 
transmit, the 11 bit contents of a linear feedback shift 
register (LFSR) 48 are captured as a digital word in a transmit 
register 50, and this digital word is sent to the pulse 
generator output. The LFSR 48 is a counter that is very fast 
and requires few resources. The LFSR 48 counts in pseudorandom 
sequence that repeats after 2 n ~ 1 cycles. At each step, the bits 
simply shift left one bit, and into the low bit is shifted some 
XOR or XNOR combination of previous bits. 

The transmission order is least significant bit (LSB) 
first. If the corresponding bit in the source word is a logic 
"1" it sends a pulse, if a logic "0" no pulse is sent. The 
source word is stored for comparison with the received word. 
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The receiver is looking for the required response only 
during the second half of the transmitted pulse time. The 
receiver input over samples this line and makes a determination 
of the line state. This state is stored in a receive register 52 
5 until all 11 bits have been sampled. The process compares (108) 
the contents of the receive register 52 and transmit register 50 
and determines (110) whether to apply power. 

As stated above, the transmit, receive and compare sequence 
is performed a total of six times with the polarity being 

10 altered each time. If a DTE device requiring power on the MDI 
link is discovered then there will be three occasions where a 
direct match occurs and three occasions where the result was 
ZERO. A ZERO result is received when the diode is reversed 
biased because no transmitted pulses are able to pass. The order 

15 of these results alternate but could start with either a match 
or a Zero result. This allows the polarity of the DTE detection 
diode to be determined and as a result crossover cables can now 
be dealt with, without the need to specify a fixed polarity for 
the cable pairs. Under these conditions the process 100 applies 

20 (112) power; otherwise, the process 100 applies no power (114) . 

The duration of process 100 is as follows. The total time 
taken for a single transmit, receive and compare sequence is 
equal to: 
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11 x Pulse and Discharge times = 11 x 2 milliseconds = 22 
milliseconds 

The above sequence is repeated six times (three in each 
direction) which is equal to: 

6 x 22 milliseconds = 132 milliseconds 

Referring to FIG. 3, an alternate embodiment of a diode 
discovery process device 12' is shown. The device 12' has the 
driver/receiver region 54 including a transformer TX2 60 to 
couple the driver line 20 and a transformer TX1 62 to couple to 
the receiver line 28. The transformers are used in place of the 
71 networks of FIG. 1. Coupling the driver line 20 and the 
receiver line 28 to the device 12' by transformers 60 and 62 
meet isolation criteria as referenced under IEEE 802. 3af. 

Referring to FIG. 4, the diode detector region 56 (of FIG. 
1) now includes AC coupling. Thus, the diode detector region 56 
is tolerant of any polarity of power supply and of all standard 
cables found in compliant cable plants. 

The MOSFETs 36 and 38 (of FIG. 1) are replaced by a diode 
bridge, comprised of diodes D13-D18. Any suitable diode type 
can be used. One type is a JEDEC reference type IN 4002. By 
replacing the MOSFETs 36 and 38 with the diode bridge, power 
supply polarity is corrected for connection to the DTE power 
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supply, provides an increased voltage drop to ensure that the 
discovery pulses never reach the DTE power supply, and allows 
for the possibility of ORing individual channels to provide more 
power . 

5 Referring to FIG. 5, a discovery process circuit 200 

incorporating the modifications described with reference to 
FIGs. 3 or 4 above includes the discovery process device 12 and 
DC voltage source 202. The circuit 200 also includes a diode 
detection circuit 204 and a DC/DC converter 206 that converts 
,j|10 the 48 volt power supply voltage from the voltage source 202 
$U into a lower DC voltage for use by the DTE (not shown) . 

Ml Referring now to FIG. 6, a state diagram 250 illustrates a 

*P top-level behavior (i.e., execution states) of the DTE discovery 

^ device 12 in the circuit 200. The state diagram 250 shows the 

S15 interaction between a managing system device (not shown) , the 
?T discovery process controller 12 and a fault management 

controller (not shown) . System control is achieved via the 
"DTE__Dis_En" signal and status is reported via the 
"DTE__Discovered" signal. These signals can be hardware pins or 
20 register bits depending on an implementation chosen. The 

Discover state is where the diode discovery process 100 resides. 

Referring to FIG. 7, a power level detection process 300 is 
shown. The power level detection process 300 is integrated into 
the diode discovery process 100. The process 300 includes a 

9 
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primary process stage 302 and a secondary process stage 304. 
The primary process stage 302 focuses on discovering a diode 
while the secondary process stage 304 charges capacitor 66 (of 
FIG. 4), thus appearing to make the discovered diode in the 
5 primary stage 302 disappear. Secondary process stage 304 
measures the time it takes to charge the capacitor 66 to 
determine the power level. 

Primary process stage 302 generates (306) a pseudo random 
11-bit word encoded as a pulse train, which sends a different 

10 word each time it is transmitted. The direction of the pulse 

train is changed each alternate transmit cycle and the process 
302 is repeated three times. The primary process stage 302 
transmits (308) the encoded pulse train and receives (310) the 
encoded pulse train. The primary stage process 302 compares 

15 (312) the contents of the receive register 52 and transmit 

register 50 and determines (314) whether to apply power in the 
secondary stage process 304. 

The secondary process stage 304 reduces (316) the time 
between pulses thus allowing the capacitor no time to discharge 

20 naturally. The capacitor builds up a charge and appears to make 
the diode conduction path disappear. The secondary process 
stage 304 measures (318) the time taken for the capacitor to 
charge and determines (320) the power level from the time. 
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Having determined the power level required, process 300 
returns control to the primary stage process 302. If the diode 
was seen to disappear and a power level has been qualified (322) 
the primary process stage 302 applies (326) power of the 
determined power level. If the diode did not disappear or no 
valid power level could be determined the primary process stage 
302 does not apply power (324) . 

A number of embodiments of the invention have been 
described. Nevertheless, it will be understood that various 
modifications may be made without departing from the spirit and 
scope of the invention. Accordingly, other embodiments are 
within the scope of the following claims. 



